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PRELIMINARY AMENDMENT 

Sir: 

Please amend this apphcation as follows prior to the first office action on the merits: 



IN THE CLAIMS 
Please amend the claims as follows: 
Please amend claim 4 as follows: 

4. The method of claim 3, including the steps of storing a look-up table that 
stores a plurality of scaling values that correspond to the position of the lift and the tilt 
cylinders. 



Please add the following new claims: 
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5. (new) The apparatus according to claim 2, wherein the controller selects a 
scaling value from the respective look-up table in response to the respective boom position 
and attachment position, and responsively produces the electrical valve signal having a 
magnitude corresponding to the selected scaling factor. 

6. (new) The apparatus according to claim 1, wherein the implement position 
signal corresponding to the elevational position of the boom is indicative of the hft cylinder 
extension, and the implement position signal corresponding to the pivotal position of the 
bucket is indicative of the tilt cylinder extension. 

7. (new) The apparatus according to claim 1, wherein said attachment 
comprises a bucket. 

8. (new) The apparatus according to claim 1, including an operator controlled 
joystick that produces an operator command signal for controlhng the movement of the work 
implement. 

9. (new) The apparatus according to claim 8, wherein said controller receives 
the implement position signals and said operator command signal, determines the relative 
position of the boom and the attachment, and produces an electrical valve signal 
corresponding to the relative position of the boom and the attachment. 

10. (new) The apparatus according to claim 9, including at least one look-up 
table including a plurahty of implement position values corresponding to a plurality of 
scaling values. 

11. (new) The apparatus according to claim 10 wherein said controller selects 
a value from said respective look-up table in response to the respective relative position of 
the boom and the attachment, multiplies said value by a magnitude of said operator control 
signal, and responsively produces said electrical valve signal having a magnitude equal to the 
product. 
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12. (new) The apparatus of claim 1 wherein said pre-determined boundary 
condition corresponds to the physical boundary of at least one of the rack stops or dump 
stops. 

13. (new) An apparatus for use with a work machine, comprising: 
a work implement including a boom and an attachment; 

an operator controlled joystick that produces an operator command signal for 
controlling the movement of the work implement; 

implement position sensors that sense the elevational position of the boom and 
the pivotal position of the attachment, and responsively produce respective implement 
position signals; 

a controller that receives the implement position signals and operator 
command signal, compares the relative position of said boom and said attachment with a pre- 
determined boundary condition, and produces an electrical valve signal; and 

valve assembly that receives said electrical valve signal and controllably 
provides hydraulic fluid flow to at least one hydraulic cylinder in response to a magnitude of 
said electrical valve signal. 

14. (new) The method of claim 4, including the step of selecting a scaling 
value based on the relative positions and responsively controlling the movement of at least 
one of said boom or said attachment. 

15. (new) The method of Claim 14, including the step of stopping the 
movement of at least one of said boom or said attachment when said relative position 
substantially equals said pre-determined boundary position. 

16. (new) The method of claim 14, including the step of reducing the 
movement of at least one of said boom or said attachment when said relative positions 
approach said pre-determined boundary position. 
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17. (new) A method for controUably moving a work implement of an earth 
moving machine in response to the position of an operator controlled joystick, the work 
implement including a boom and an attachment being attached thereto, the work implement 
including a hydraulic lift cyUnder for lifting and lowering the boom and a hydrauhc tilt 
cylinder for dumping and racking the attachment, comprising the steps of: 

sensing the positions of the lift and tilt cylinders and producing respective 
implement position signals; 

sensing the position of the joystick and producing an operator command 

signal; 

receiving the implement position signals and the operator command signal; 

comparing the relative positions of the boom and the attachment with a pre- 
determined boundary position; 

reducing the operator command signal in response to the relative positions of 
the boom and the attachment with the pre-determined boundary condition, and producing an 
electrical valve signal based on the reduced operator command signal; and 

receiving the electrical valve signal and controllably providing hydrauhc fluid 
flow to the respective hydraulic cylinders in response to the relative positions of the boom 
and attachment in comparison with the pre-determined boundary position. 

18. (new) The method according to claim 17, including the step of selecting a 
scaling value fi-om a look-up table in response to the respective lift and tilt cylinder positions, 
multiplying the scahng value by the magnitude of the operator command signal, and 
responsively producing the electrical valve signal having a magnitude equal to the product of 
the multiplication. 

19. (new) The method of Claim 17, including the step of stopping the 
movement of at least one of said boom or said attachment when said relative position 
substantially equals said pre-determined boundary position. 
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REMARKS 



Entry of the forgoing amendments is respectfully requested. Applicants have 
added new claims 5-19 for consideration. Applicants further respectfully submit that the new 
amendments presented herein are supported by the specification as originally provisionally 
filed, and that no new matter has been added. 



Respectfully submitted. 



Jai^es R. Smith 
Registration No. 41,3 1 8 
Caterpillar Inc. 



Telephone: (309) 636-1569 
Facsimile: (309) 675-1236 
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Title: : METHOD AND APPARATUS FOR CONTROLLING POSITIONING OF AN 

IMPLEMENT OF A WORK MACHINE 
Application No.: TO BE ASSIGNED 
Attorney Docket No. 99-639 

4. (amended) The method of claim [12] 3, including the steps of storing a 
look-up table that stores a plurality of scaling values that correspond to the position of the hft 
and the tilt cylinders. 
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Description 

METHOD AND APPARATUS FOR CONTROLLING 
POSITIONING OF AN IMPLEMENT OF A WORK MACHINE 

5 

Technical Field 

This invention relates generally to a method 
and apparatus for controlling positioning of a work 
implement of a work machine and, more particularly, to 
10 an apparatus and method that controls the positioning 
of the work implement based on pre -determined boundary 
conditions 

Background Art 

15 Work machines such as wheel type loaders 

include work implements capable of being moved through 
a number of positions during a work cycle. Such 
implements typically include attachments such as 
buckets, forks, and other material handling apparatus 

20 which are coupled to lift arm, or boom, movably 
connected to the work machine via lingages. The 
typical work cycle associated with a bucket includes 
sequentially positioning the bucket and boom in a 
digging position for filling the bucket with material, 

25 a carrying position, a raised position, and a dumping 
position for removing material from the bucket. To 
protect the boom against the implement or linkages 
being "slammed" into it, the boom is provided with a 
plurality of rack and dump stops placed on the 

3 0 respective upper and lower surfaces of the boom. Each 
rack and dump stop is typically strategically sized 
and arranged- to engage a corresponding portion of 
either the attachment, the attachment linkages, or 
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both, thereby concentrating any attachment impact to 
selected areas of the boom. In addition, rack and/or 
dump stops are typically attached, by use of 
mechanical fasteners, to the attachment. 
5 Control levers are mounted at the operator's 

station and are connected to an electrohydraulic 
circuit for moving the bucket and/or boom. The 
operator must manually move the control levers to open 
and close electrohydraulic valves that direct 

10 pressurized fluid to hydraulic cylinders which in turn 
cause the implement to move. For example, when the 
boom is to be raised, the operator moves the control 
lever associated with the boom hydraulic circuit to a 
position at which a hydraulic valve causes pressurized 

15 fluid to flow to the head end of a lift cylinder, thus 
causing the boom to rise. When the control lever 
returns to a neutral position, the hydraulic valve 
closes and pressurized fluid no longer flows to the 
lift cylinder. 

2 0 Under certain operating conditions, the 

attachment or linkage may make contact with the boom. 

For example, when the attachment is placed in the 
dump cycle, the attachment may contact the under 
portion of the boom as the operator attempts to either 

25 dislodge material from, or load material into, the 

attachment. Likewise, contact between the attachment 
or linkage and the top portion of the boom may occur 
when the operator attempts to "catch" or cause 
material to be caught by the attachment. If not 

30 properly inspected and maintained, missing or damaged 
rack and dump stops can lead to excessive forces 
placed on the boom. These forces may damage the boom, 
as well as damage the associated hydraulic circuitry 
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that absorb some of the shock that travels through the 
linkage assembly. This will likely increase 
maintenance and accelerated failure of the associated 
parts . 

5 To reduce the forces acting upon the work 

implement, systems have been developed to more slowly 
and smoothly stop the motion of the implement. One 
such system is disclosed in U.S. Patent No. 5,617,723 
issued to Hosseini at al . on April 8, 1997. A method 

10 is provided which uses joystick and implement position 
sensors for controlling a sudden change in inertia of 
a work implement of a work machine. While this system 
adequately reduces the velocity of the work implement 
during sudden changes in operator control settings, it 

15 is not operable to control the movement of a work 

implement in response to missing rack or dump stops. 

An alternate system is disclosed in U.S. 
Patent No. 5, 511,458, issued to Kamata et al . on April 
30, 1996. This system utilizes cylinder position and 

2 0 movement direction detectors to provide a quiet 

cylinder cushioning effect. Although this system may 
also be adequate for its intended purpose, it also is 
not operable to control the movement of a work 
implement in response to missing rack or dump stops. 

2 5 The present invention is directed to 

overcoming one or more of the problems as set forth 
above . 

Disclosure of the Invention 
^0 In one aspect of the present invention, an 

apparatus for controllably positioning a work 
implement is ^-disclosed. The work implement includes a 
boom and an attachment being attached thereto where 



the boom is actuated by a hydraulic lift cylinder and 
the attachment is actuated by a hydraulic tilt 
cylinder. Implement position sensors sense the 
elevational position of the boom and the pivotal 
position of the attachment, and responsively produce 
respective implement position signals. A controller 
receives the implement position signals, compares the 
relative position of the boom and the attachment, and 
produces a valve signal. A valve assembly receives 
the valve signal and controllably provides hydraulic 
fluid flow to at least one hydraulic cylinder in 
response to a magnitude of the electrical valve 
signal . 

In another aspect of the present invention, 
a method for controllably positioning a work implement 
of an earth moving machine is provided. The work 
implement includes a boom and an attachment being 
attached thereto where the boom is actuated by a 
hydraulic lift cylinder and the attachment is actuated 
by a hydraulic tilt cylinder. The method comprises 
the steps of sensing the positions of the lift and 
tilt cylinders and producing respective implement 
position signals, receiving the implement position 
signals and producing a valve signal based on a 
relative position of the boom and the attachment, 
comparing the relative positions of the boom and the 
attachment with a pre-determined boundary position, 
and receiving the valve signal and controllably 
providing hydraulic fluid flow to at least one 
hydraulic cylinder in response to the relative 
positions of the boom and attachment in comparison 
with the pre-determined boundary position. 
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Brief Description of the Drawings 

Fig. 1 is a side view of a forward portion 
of a loader machine or wheel type loader. 

Fig. 2 is a diagrammatic illustration of an 
5 embodiment of the implement control system of the 
present invention. 

Fig. 3 is a software look-up table 
associated with rack gain. 

Fig. 4 is a software table look-up table 
10 associated with dump gain. 

Fig. 5 is a diagrammatic illustration of 
another embodiment of the implement control system of 
the present invention. 

15 Best Mode for Carrying Out the Invention 

Fig. 1 shows a forward portion 100 of a 
wheel loader type work machine 104 having a work 
implement 105 attached therewith consisting of a 
payload carrier in the form of a bucket 108 attached 

20 to boom 110. Although the present invention is 

described in relation to a wheel type loader machine, 
the present invention is equally applicable to many 
earth working machines such as track type loaders, 
hydraulic excavators, and other machines having 

2 5 similar loading implements. The bucket 108 is 

connected to a lift arm assembly or boom 110 which is 
pivotally actuated by two hydraulic lift actuators or 
lift cylinders 111 (only one of which is shown) about 
a boom pivot pin 112 that is attached to the machine 

30 frame 113. Pivot pin 115, in turn, attaches the lift 
cylinders 111 to the boom 110. In addition, the 
bucket 108 is tilted by a bucket tilt actuator or 
cylinder 116 about a tilt pivot pin 119. 
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The bucket 108 is kinematically connected 
with the tilt cylinder 116 by means of a pair of boom 
links 12 0 and a pair of implement links 123 (one of 
each shown) . Rack stops 124 are provided on each boom 
5 boss 12 5 and are sized and arranged to engage 

corresponding engagement structures 12 8 provided on 
each boom link 120. In addition, a second pair of rack 
stops 12 9 (one shown) are provided on the upper 
surface 132 of the boom 110 are sized and arranged to 

10 engage corresponding engagement structures 133 

provided on each implement link 123. A pair of dump 
stops 134 (one shown) are provided on the under 
portion 135 of the boom 110 and are sized and arranged 
to engage corresponding engagement structures (not 

15 shown) provided on the bucket 108. 

With reference to Fig. 2, a preferred 
embodiment of the implement control system 2 00 as 
applied to a wheel type loader is diagrammat ically 
illustrated. The implement control system 200 is 

20 adapted to sense a plurality of inputs and 

responsively produce output signals which are 
delivered to various actuators in the implement 
control system 200. Preferably, the implement control 
system includes a microprocessor based controller 201. 

2 5 Implement position sensors 2 04,205 sense the 

position of the work implement 105 with respect to the 
work machine 104 and responsively produces a plurality 
of implement position signals. The implement position 
signals are a function of the position of the 

3 0 respective hydraulic cylinders 116,111, and are 

indicative of the amount of the respective hydraulic 
cylinder extension. In the preferred embodiment, the 
position sensors 204,205 include a lift position 
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sensor 2 04 for sensing the elevational position of the 
boom 110 and a tilt position sensor 205 for sensing 
the pivotal position of the bucket 108. 

In one embodiment, the lift and tilt 
5 position sensor 204,205 include rotary potentiometers. 
The rotary potentiometers produce pulse width 
modulated signals in response to the angular position 
of the boom 110 with respect to the vehicle and the 
bucket 108 with respect to the boom 110. The angular 

10 position of the boom is a function of the lift 

cylinder extension 111A,B, while the angular position 
of the bucket 108 is a function of both the tilt and 
lift cylinder extensions 116,111A,B. The function of 
the position sensors 204,205 can readily be any other 

15 sensor which are capable of measuring, either directly 
or indirectly, the relative extension of a hydraulic 
cylinder. For example, the rotary potentiometers 
could be replaced with magnetostrict ive sensors or 
linear position potentiometers used to measure the 

2 0 extension of the hydraulic cylinders. 

A valve assembly 208 is responsive to 
electrical signals produced by the controller 201 and 
provides hydraulic fluid flow to the hydraulic 
cylinders 111A,B,116. In the preferred embodiment, the 

25 valve assembly 208 includes two main valves (one main 
valve for lift cylinders and one main valve for the 
tilt cylinder) and four hydraulic actuator valves (two 
for each main valve) . The main valves direct 
pressured fluid to the cylinders 111A,B,116 and the 

30 hydraulic actuator valves direct pilot fluid flow to 
the main valves. Each hydraulic actuator valve 
preferably comprises a electro-hydraulic valve which 
is electrically connected to the controller 201. Such 
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valves are well-known and could readily be selected by- 
one of ordinary skill in such art without undue 
experimentation. One main pumps 212 is used to supply 
hydraulic fluid to the main spools, while a pilot pump 
5 215 is used to supply hydraulic fluid to the hydraulic 
actuator valves. An on/off solenoid valve and 
pressure relief valve 217 are included to control 
pilot fluid flow to the hydraulic actuator valves. 

The present invention is directed toward 

10 determining an electrical valve signal magnitude which 
will accurately prevent impact between the bucket 108 
or linkages 120,123 and the boom 110 in the event of 
the bucket 108, boom 110, and/or linkages 120,123 
having a missing or damaged rack or dump stop. The 

15 controller 2 01 preferably includes RAM and ROM modules 
that store software programs to carry out certain 
features of the present invention. Further, the RAM 
and ROM modules store software a plurality of look-up 
tables that are used to determine the electrical valve 

20 signal magnitude corresponding to the relative 

orientation or proximity of the bucket 108 to the boom 
110 (based on tilt and lift cylinder extension) . The 
controller 201 receives the implement position signals 
and produces an electrical valve signal having a 

2 5 magnitude corresponding to aforementioned extensions 

of the cylinders 111,116. 

The valve assembly 2 08 receives the 
electrical valve signal and, depending upon where the 
proximity of the boom 110 is to the bucket 108, may 

3 0 modify the existing hydraulic fluid flow to the 

respective hydraulic cylinder in response to a 
magnitude of^'the electrical valve signal. For 
example, the aforementioned look-up tables may include 




scaling factors associated with each extension 
measurement of both cylinders 111,116. The scaling 
factor may have a value ranging from 0 to 100%. 
Depending on the scaling value provided in the 
5 aforementioned look-up table, if the orientation or 
proximity of the boom 110 to the bucket 108 is such 
that the bucket 108 should have encountered a rack or 
dump stop, the controller 2 01 will produce an 
electrical valve signal having a scaling value of 0%, 

10 thereby operatively reducing flow in the relevant 
hydraulic valve, relative to the operator input 
setting for this hydraulic flow, sufficient to cease 
movement of, for example, the bucket 108. Conversely, 
a scaling value of 100% signifies a "safe" condition 

15 allowing for uninterrupted full operator control of 

the relevant hydraulic valve. Scaling factors between 
0% and 100% signify a "caution" condition in which 
operator selected hydraulic fluid flow to the relevant 
hydraulic valve is proportionately reduced so as to 

20 preferably reduce motion of the bucket 108. Although 
all embodiments described herein are directed toward 
reducing or ceasing motion of the bucket 108, it is 
envisioned that the present invention may be directed 
toward ceasing or reducing the motion of the bucket 

25 108, the boom 110, or both. 

As should be apparent to those of ordinary 
skill in the art, the aforementioned scale factors are 
customized to correspond to the actual physical 
boundary represented by the missing rack or dump stops 

3 0 124,12 9,134. As should be apparent by those of 
ordinary skill in such art, the scaling factors 
represent a pre-determined boundary condition which 
either reduces, shuts off, or allows for uninterrupted 
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flow to the relevant cylinder or cylinders 111,116. 
In so doing, potential damage to the bucket 108, the 
boom 110, or both can be avoided. 

Figs. 3 and 4 show, respectively, one 
5 embodiment each of look-up tables comprising a rack 
gain table 300 and a dump gain table 400. The rack 
and dump gain tables 3 0 0,400 represent three- 
dimensional look-up tables that stores a plurality of 
scaling values that correspond to the position of the 

10 lift and the tilt cylinders 111,116 as the bucket 108 
is being, respectively, racked back in a carrying mode 
and rotated in a dumping mode. With reference to both 
Figures, the aforementioned "safe" condition is 
represented by the areas 3 01,401 and corresponds to a 

15 scaling factor of 100% (uninterrupted hydraulic fluid 
flow) . Areas designated as 304,404 represent the 
aforementioned "danger" condition which triggers a 
scaling factor of 0% (stopped movement of, for 
example, the bucket 108) . Those areas designated as 

20 305,405 represent the aforementioned "caution" 

condition in which the operator selected fluid flow is 
reduced in proportion to the magnitude of the scaling 
factor (between 0-100%) . Although a scaling value is 
described, a limiting value can equally be used as 

25 would be apparent to one skilled in the art. 

With reference to Fig. 5, another 
embodiment 500 of the present invention will now be 
described. As shown, first and second joysticks 
501,5 02 provide operator control over the work 

30 implement 105. The joysticks 501,502 include a 

control lever 505 that has movement along a single 
axis. However., in addition to movement along a first 
axis (horizontal) , the control lever 505 may also move 
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along a second axis which is perpendicular to the 
horizontal axis. The first joystick 501 controls the 
lifting operation of the boom 110. The second 
joystick 502 controls the tilting operation of the 
5 bucket 108. 

A joystick position sensor 506 senses the 
position of the joystick control lever 505 and 
responsively generates an electrical operator command 
signal. The electrical signal is delivered to an 

10 input of the controller 201. The joystick position 

sensor 506 preferably includes a rotary potentiometer 
which produces a pulse width modulated signal in 
response to the pivotal position of the control lever; 
however, any sensor that is capable of producing an 

15 electrical signal in response to the pivotal position 
of the control lever would be operable with the 
instant invention. 

The controller 201 receives the implement 
position signals and operator command signals, 

2 0 modifies the operator command signal by multiplying 

the aforementioned scaling factor by the magnitude of 
the operator command signal, and produces an 
electrical valve signal having a magnitude that is 
responsive to the modified operator command signal. 

2 5 The valve assembly 2 08 receives the electrical valve 

signal, and controllably provides hydraulic fluid flow 
to the respective hydraulic cylinder in response to a 
magnitude of the electrical valve signal. The 
magnitude of the electrical valve signal, in turn, is 

3 0 determined by multiplying the aforementioned scaling 

factor by the magnitude of the operator command 
signal . 
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Thus, while the present invention has been 
particularly shown and described with reference to the 
preferred embodiment above, it will be understood by 
those skilled in the art that various additional 
5 embodiments may be contemplated without departing from 
the spirit and scope of the present invention. 

Industrial Applicability 

Earth working machines such as wheel type 

10 loaders and excavators include work implements capable 
of being moved through a number of positions during a 
work cycle. The typical work cycle includes 
positioning the boom and bucket in a digging position 
for filling the bucket with material, a dumping 

15 position where the boom is raised and the bucket is 

tilted forward for removing material from the bucket, 
and a carrying position where the boom is being 
lowered and the bucket is tilted back in a racked 
position. 

2 0 The present invention provides a method and 

apparatus for automatically limiting the velocity of 
the bucket 108 as the bucket 10 8 approaches an 
orientation with respect to the boom 110 in which the 
bucket 108 or linkages 120,123 should had encountered 

2 5 a physical boundary associated with a missing rack or 

dump stop 124,128,129,133,134,. Upon encountering the 
aforementioned boundary, the bucket 108 is directed to 
stop moving, thereby preventing potential damage which 
may be caused by the bucket 108 "slamming" into the 

3 0 boom 110. 

It should be understood that while the 
function of the preferred embodiment is described in 
connection with the boom and associated hydraulic 
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circuits, the present invention is readily adaptable 
to control the position of implements for other types 
of earth working machines. For example, the present 
invention could be employed to control implements on 
5 hydraulic excavators, backhoes, and similar machines 
having hydraulically operated implements. 

Other aspects, objects and advantages of the 
present invention can be obtained from a study of the 
drawings, the disclosure and the appended claims. 
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Claims 

What is claimed, is: 

1. An apparatus for controllably 
5 positioning a work implement of an earth moving 

machine, the work implement including a boom, with 
attachable rack and dump stops each having a physical 
boundary, and an attachment being attached thereto, 
where the boom is actuated by a hydraulic lift 
10 cylinder and the attachment is actuated by a hydraulic 
tilt cylinder, comprising: 

implement position sensors that sense the 
elevational position of the boom and the pivotal 
position of the attachment and responsively produce 
15 respective implement position signals; 

a controller that receives the implement 
position signals, compares the relative position of 
the boom and the attachment with a pre -determined 
boundary condition, and produces an electrical valve 
2 0 signal; and 

a valve assembly that receives said 
electrical valve signal and controllably provides 
hydraulic fluid flow to at least one hydraulic 
cylinder in response to a magnitude of said electrical 
25 valve signal. 



2. The apparatus according to claim 1, 
including at least one look-up table including a 
plurality of implement position values corresponding 
3 0 to a plurality of scaling values. 



3. A method for controllably positioning a 
work implement of an earth moving machine, the work 
implement including a boom and an attachment being 
attached thereto, the work implement including a 
hydraulic lift cylinder for lifting and lowering the 
boom and a hydraulic tilt cylinder for dumping and 
racking the attachment, comprising the steps of: 

sensing the positions of the lift and tilt 
cylinders and producing respective implement position 
signals ; 

receiving the implement position signals and 
producing an electrical valve signal based on a 
relative position of the boom and the attachment; 

comparing the relative positions of the boom 
and the attachment with a pre-determined boundary 
position; and 

receiving the electrical valve signal and 
controllably providing hydraulic fluid flow to at 
least one hydraulic cylinder in response to the 
relative positions of the boom and attachment in 
comparison with the pre-determined boundary position. 

4. The method of claim 12, including the 
steps of storing a look-up table that stores a 
plurality of scaling values that correspond to the 
position of the lift and the tilt cylinders. 
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Abstract of the Disclosure 

METHOD AND APPARATUS FOR CONTROLLING 
5 POSITIONING OF AN IMPLEMENT OF A WORK MACHINE 

An apparatus for controllably positioning a 
work implement of an earth moving machine is 
disclosed. The work implement includes a boom and an 

10 attachment being attached thereto where the boom is 
actuated by a hydraulic lift cylinder and the 
attachment is actuated by a hydraulic tilt cylinder. 
Implement position sensors sense the elevational 
position of the boom and the pivotal position of the 

15 attachment and responsively produce respective 
implement position signals. A controller that 
receives the implement position signals, compares the 
relative position of the boom and the attachment with 
a pre-determined boundary condition, and produces an 

20 electrical valve signal. A valve assembly receives 

the electrical valve signal and controllably provides 
hydraulic fluid flow to the respective hydraulic 
cylinders in response to a magnitude of the electrical 
valve signal . 
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